observed estrus was evaluated in two groups of sows to evaluate the feasibility of delivering feed and during their first ( n = 11) and second and third ( n = detecting estrous behavior by computer-controlled 19) estrous cycles and in one group of gilts ( n = 14). A equipment in a nonconfinement environment. In Exp.
Introduction
In Europe, animal welfare considerations have led to changes in swine management techniques involving the development of group-housing systems and the use of electronic identification for feeding and management of pigs (Peet, 1990; Wigger, 1990) . Chambers et al. (1986) reported that electronic sow feeding systems can be applied to sows housed in outside pens; however, the use of such systems in outside, nonconfinement environments has not been thoroughly tested. Swine herds are being managed under outside, ' This work was supported in part by Osborne Ind., Inc., Osborne, KS; NEDAP Poiesz, B. V., Holland; and the Kansas Technology Enterprise Corp., Topeka, KS.
2The authors appreciate the assistance of Colleen Coughlin with the radioimmunoassays; Mark Nelson, Joe Carpenter, and Roger Anderson for their feeding and care of the animals; Dustin Odle and Scott Kleinschmidt for technical assistance; and Gerald Johnson for installation of and advice about the Poreode@ systems.
3T0 whom correspondence should be addressed: 256 Weber Hall. Received June 7, 1993 . Accepted December 6, 1993 nonconfinement conditions in greater frequency due to animal welfare considerations. Therefore, it is necessary to test automated management techniques under these conditions. An increase in both exploratory and motor activity is observed during estrus in sows, and estrous and proestrous sows exhibit a strong attraction to a boar (Signoret, 1970) . This behavior, termed proceptivity (Hemsworth, 19851 , depends on an estrogenic stimulus. Therefore, boar visitation by individual sows and gilts may aid in the detection of estrous behavior, and several studies have indicated that automated estrus detection may provide a useful management tool in group-housed pigs (Houwers, 1988; Bure and Houwers, 1989; Te Brake and Bressers, 1990; Bressers et al., 1991) .
To date, research in the area of electronic identification for feeding and estrus detection of pigs has been primarily done inside buildings. The objective of the present study was to evaluate the feasibility of feed delivery and estrus detection by computer-controlled equipment in an outside, nonconfinement environment.
BLAIR ET AL. a b Figure 1 . A schematic representation of the outside pens in which sows and gilts were housed, In Exp. 1, control gilts and gilts fed by electronic sow feeder (ESF) were housed in pens a and b, respectively. The boar and EED station were not present for Exp. 1. All animals in Exp. 2 were housed in pen b for electronic estrus detection (EED). Sow houses, ESF, and a house in the boar pen were roofed, and the EED and feed crates were open structures.
Materials and Methods

Experiment 1. Electronic Sow Feeding
Animals and Housing. Gilts, produced by crossing Yorkshire x Duroc females with Hampshire x Chesterwhite boars, were inseminated artificially ( A I ) with semen from Duroc boars as described by Rhodes et al. (1991) , then housed in gestation stalls ( . 5 x 1.7 m ) in a gestation building until detected pregnant on d 30 after AI. Pregnant gilts were assigned to be fed either oncelday with a scoop (controls, n = 20) or with a Porcode@ electronic sow feeding station ( ESF, n = 20) provided by Osborne Ind. (Osborne, KS) and NEDAPPoiesz, B. V. (Hengelo, The Netherlands). Gilts were housed in two outside pens (50 m x 70 m ) each with two sow houses ( 3 m x 5.5 m ) (Figure 1 ). Control gilts were fed individually in stalls each morning (08301, whereas ESF gilts were fitted with a neck collar equipped with a passive electronic identification transponder and trained to use the electronic feeding station.
Feed Delivery. All gilts were fed 1.95 kgld of a complete sorghum grain-soybean meal diet that met or exceeded all National Research Council recommendations for breeding/gestating gilts. Control gilts were fed once/day with a scoop that contained, when full, 1.95 kg of feed. The ESF gilts received their feed in 98.6-g aliquots a t 80-s intervals as they visited the feeding station. The feed delivery of the electronic feeding station was tested four times with 12, 46, and 49 d between consecutive tests. Replacement of Lost Collars. Gilts were checked each day for lost collars. All lost collars were found, although occasionally some were not found for a few days. Therefore, extra collars were available and placed on gilts whose collars could not be found immediately.
Experiment 2. Electronic Estrus Detection
This experiment used sows that had weaned their first litters and gilts of similar breeding to those used in Exp. 1.
Groups A and B. The outside pen was arranged as depicted in Figure lb . An initial group of 19 sows (Group A ) was fitted with transponder collars and placed in the pen at weaning and trained to use the ESF. A boar was placed in the boar pen (2.8 m x 3.5 m ) on the 3rd d after weaning. Solid wood partitions were placed between the boar and sow pens so that the only available contact between the boar and sows was immediately over the antenna of the electronic estrus detection ( EED) station. Tactile and visual contact was only possible at the EED station, whereas olfactory contact was not prevented at any time. Configuration of the EED station was substantially different from that of the ESF station because no feed delivery equipment was present at the EED station and females did not have to enter a stall to access the antenna. However, the feed delivery software was used to monitor the duration of boar visitation. The software was calibrated to dispense 45.5 g of feed/6 s with a total allocation of 4.45 kg of feed/6 h even though no feed was actually delivered. Therefore, each 455 g of feed dispensed was equivalent to 1 min of boar visitation by a sow, and attention reports printed each 6 h were used to calculate minutes of boar visiting. The sows also were checked for estrus twice/ day with a boar to determine the relationship between computer-monitored boar visitation and observed estrous behavior. Sows were observed during their second and third estrous cycles after weaning. The experiment was repeated with a second group of 11 sows (Group B ) using the same procedures except that observations began immediately after litters were weaned.
Group C. To determine whether the electronic estrus detection system could also be used to monitor proceptive behavior in gilts, 14 gilts (173 k .5 d old; Group C ) were fitted with transponder collars and placed in an outside pen. Boar visitation was monitored for 4 wk as described for Group A then twicedaily estrus detection was initiated. Blood samples were collected once/week during the 4 wk before estrus detection and analyzed for progesterone by radioimmunoassay. Gilts were considered to have been in estrus during the initial 4 wk if an increase in the concentration of progesterone in serum to more than 2 ng/mL was observed.
Radioimmunoassay. Progesterone was quantified using a direct RIA in which the antibody was coated onto plastic tubes (Diagnostic Products, Los Angeles, CA). As reported by the supplier, the antibody did not significantly cross-react with 16 other steroids tested (none greater than 2.4% crossreactivity). When .025, .05, 2 5 , .5, 1, 2.5, 5, and 10 ng/mL were added t o porcine serum, .01, .04, .26, 50, 1.05, 2.23, 5.10, and 9.4 ng/mL were recovered in the assay, respectively. Serial dilutions of porcine serum (50, 100, 150, and 200 pL) displaced [12511progesterone in parallel to the standard curve. The assay was sensitive to .02 ng/mL. The average intraassay CV was 9.32%, and the interassay CV was 2.11%.
Statistical Analyses
Weights, backfat depth, and total and live pigs/ litter were analyzed using the GLM procedures of SAS (1988) with treatment included in the model statement. Day of gestation at weighing and probing was included as a covariate in models testing treatment effects on weight and backfat prior to farrowing. Deviation from the mean birth weight within each litter was calculated for each pig and treatment effects tested using Levine's test (Milliken and Johnson, 1984) .
Pearson's correlations for duration of boar visitation during the week and day of estrus by sows between their second and third estrous cycles were analyzed by Procedure CORR@ of SAS (1988).
Results
Experiment 1
Feed delivery at consecutive feed drops 27 d before (97 and 98 g), 15 d before (99 and 100 g), and 31 d (97, 98, and 96 g ) and 80 d (100, 101, and 100 g ) after the start of Exp. 1 was 98.6 5 .5 g. Collars were lost on 44 occasions during the trial. Collar loss occurred most frequently during the initial 2 wk of the experiment and was limited to one or two occasions for individual gilts except for one gilt whose collar was replaced on four occasions during the initial month of the experiment. Twenty gilts were initially assigned to each treatment; however, one gilt in each treatment returned to estrus and was removed from the experiment. Control and ESF gilts did not differ ( P > .4) for backfat depth or weight prior t o farrowing ( Figure 2 . Representative graphs of boar visitation by sows. These graphs represent average (a), more than average (b), and below average (c) amounts of boar visitation. The x-axis represents 6-h intervals during the week of estrus centered around the day of the onset of estrus, which is indicated by two asterisks. Total and live pigditter and litter birth weight were also similar ( P > . 8 ) between treatments (Table 2) . No treatment effects ( P > .8) on pig birth weight were observed (Table 2) . However, the data indicate a possible trend ( P = .13) for decreased deviations in birth weight for litters farrowed by ESF gilts.
Experiment 2, Groups A and B
Variation in boar visitation between sows was evident. Figure 2 illustrates the patterns of boar visitation by a sow that displayed approximately average duration of boar visitation and by sows that displayed above and below average amounts. Inspection of the data indicated a strong relationship between boar visitation and the incidence of estrus. Correlations for boar visitation patterns of individual sows between estrous cycles were evident. Correlations for boar visitation by individual sows between the second and third estrous cycles were demonstrated for both the week of estrus ( a 7-d period centered around the day of the onset of estrus, r = .72, P < .02) and the day of first detected estrus ( r = .57, P < .05).
Therefore, sows spent similar amounts of time visiting the boar during their second and third estrous cycles. Data from both groups of sows indicated that average boar visitation during both the week and day of estrus was similar among first, second, and third estrous cycles (Figure 3) . At either estrous cycle observed, average boar visitation remained less than 2 m i d 6 h until the day before the onset of estrus, with the exception of one sow who displayed 20 min of boar visitation 2 d before observed estrus.
Experiment 2, Group C
Because correlations between boar visitation and estrous behavior were evident in both groups of sows, gilts were observed to determine whether they exhibited a similar behavioral pattern. Figure 4 presents the boar visitation patterns and progesterone concentrations of two gilts. Similar t o observations for sows, average boar visitation by all gilts except one remained < 2 m i d 6 h until the day before the onset of estrus. Electronic monitoring detected increased boar visiting in some gilts before estrus detection with a boar (Figure 4b ). In these instances, the increase in serum progesterone concentration was preceded by an increase in boar visitation, with the exception of one gilt that exhibited increased progesterone without increased boar visitation. Boar visitation during the week and day of estrus was similar between pubertal and postpubertal estrous cycles (Figure 5 ) .
Gilts (Group C ) and sows (Groups A and B) exhibited generally similar boar visitation patterns. However, examination of the data indicated subtle differences between gilts and sows. Sows seemed to spend more time visiting the boar than gilts during the week of estrus for both their first (67.7 f 9.4 vs 40.0 f 12.0 min, respectively) and second (69.8 4 8.2 vs 44.0 f 9.2 min, respectively) estrous cycles. When data were examined over all estrous cycles, sows exhibited more boar visitation on the day before estrus than gilts (11.6 f 1.9 vs 4.4 +_ 1.9 min, respectively). Sows visited the boar 10.1 k 3.4, 7.8 k 2.3, and 17.9 f 3.7 min on the day before their first, second, and third estruses, respectively. Gilts visited the boar 3.8 4 2.5 min before pubertal estrus and 5.8 f 2.8 min on the day before a postpubertal estrus.
Discussion
The only equipment-related problem encountered in the present study was collar loss in Exp. 1. This occurred predominantly for a few gilts and only rarely in subsequent trials with sows. The relatively high incidence in Exp. 1 might be attributable to the use of gilts or differences in collar adjustment by different personnel. Similar problems with collar loss have been observed (Hoofs, 1990) ; however, others consider the rate of collar loss t o be acceptable (Edwards et al., 1984a) .
The present study demonstrates that gilts fed with an ESF in an outside pen beginning on d 30 of pregnancy have weights, backfats, and litter traits comparable to those of gilts fed oncelday individually in feeding stalls. Another consideration could be a loss of weight by ESF gilts while they are being trained to use the ESF station. In this study, weight loss during the training period was similar between control and ESF gilts and probably resulted from the move from individual stalls in confinement to group housing outside. The relative ease with which gilts became accustomed to using the electronic feeding station and, thus, the short ( 7 dl training period probably minimized weight loss. Previous studies have also indicated that pigs are easily trained to electronic sow feeding systems and, once trained, generally do not need to be retrained (Edwards et al., 1984b; Gueblez, 1990) .
Results from our study clearly indicate a strong relationship between boar visitation and estrous behavior in sows and gilts. Signoret (1970) reported a similar relationship. Using T-maze experiments, he demonstrated that estrous and proestrous females show a strong attraction to a boar. Research also has shown that ovariectomized, estradiol benzoate-treated gilts spend more time in the presence of a boar than do ovariectomized controls (Ford, 1983) . Another study demonstrated that postpubertal, ovariectomized, estradiol benzoate-treated female pigs spent a greater amount of time near a mature boar than did their pubertal counterparts (Ford, 1990) . Thus, estrous and proestrous females are attracted to and spend time near mature boars.
The present study is the first to use electronic animal identification to detect proceptive behavior in sows and gilts housed in outside pens. Previous attempts to automate estrus detection have been in indoor group-housing systems (Houwers, 1988; Bure and Houwers, 1989; Te Brake and Bressers, 1990; Bressers et al., 1991) . Te Brake and Bressers (1990) indicated that electronic identification of sows could be used to monitor boar visitation. However, these authors identified sows entering and exiting an estrus detection area. Because this method of detecting proceptivity does not monitor boar visitation as such, the interpretation of data is more difficult. Bressers et al. (1991) developed a formula combining the frequency and duration of boar visitation. The visitation was monitored by time-lapse video recordings of sows as they entered and exited a pen adjacent to a boar. These authors demonstrated that 95% of the sows could be detected in time to be serviced, with 21 falsepositive identifications for 50 sows during a 10-d period. Bressers et al. (1991) also indicated that 95% of sows could be detected at the time of first standing response; however, the number of falsepositives increased to 132. Other studies (Houwers, 1988; Bure and Houwers, 1989 ) measured boar visitation by sows in a more direct manner. In these studies, sows were fitted with collar transponders and allowed nose contact with a boar through a srrall gate. A transceiver near the gate identified the individual animals and recorded the frequency and duration of time spent near the boar. Results of these studies (Houwers, 1988; Bure and Houwers, 1989) were similar to those observed in the present study. Houwers (1988) and Bure and Houwers (1989) reported that frequency of boar visitation by sows took approximately 2 to 3 d to peak and then another 2 to 3 d to return to baseline. In the present study, boar visitation by sows and gilts first increased approximately 1 to 2 d before observed estrus and then took 2 to 3 d to return to baseline. In both the present study and previous experiments (Houwers, 1988; Bure and Houwers, 19891 , sows in diestrus showed little interest in the boar and increased boar visitation was highly correlated with observed estrus.
To apply electronic estrus detection to pig breeding, it is necessary to determine the amount of boar visitation by sows and gilts that corresponds to observed estrous behavior. To that end, the data in the present study were evaluated retrospectively. To evaluate the ability of electronically monitored boar visitation to differentiate boar visiting during estrus from boar visiting during the remainder of the cycle, data from sows were examined during diestrus (estrous cycle days +4 to -3; estrus onset = d 0 ) and data from gilts were examined during prepuberty. For gilts that had two estrous cycles, data during diestrus also were included. This time period in sows was chosen due to the length of estrus (48 to 72 h ) and the early initiation of follicular growth after luteolysis. Recruitment of follicles in pigs occurs between d 14 and 16 of the estrous cycle (Foxcroft and Hunter, 1985) . Therefore, examining sows between these physiological events ensured that only data during diestrus were used to determine the amount of boar visitation that occurred during diestrus. The maximum boar visitation on any day during prepuberty or diestrus was determined for each female. The mean of that visitation plus two standard deviations was used as a criterion for differentiating estrus from prepuberty or other stages of the cycle. evaluated separately for sows (mean = 1.69, standard deviation = 1.37) and gilts (mean = 4.0, standard deviation = 2.66). Therefore, sows and gilts were predicted to be in estrus when boar visiting exceeded 4.43 and 9.32 midd, respectively. Using these criteria, no sows were classified as estrual during diestrus and 96.55% (28/29) of the sows visited the boar > 4.43 min on the day of first detected estrus. The exceptional sow visited the boar for 2 min on the day of observed estrus. In more than half (63.41%,) of the estrous cycles studied, sows accumulated > 4.43 midd of boar visitation without exhibiting estrous behavior. All but one of these sows was observed in estrus on the following day. The remaining sow exhibited estrus 2 d after attaining 4.43 midd of boar visitation. In comparison, 78.57% (1 1/14 j of the gilts accumulated > 9.32 min of boar visitation on the day of observed estrus. Three gilts (21.43%) visited the boar more than 9.32 midd without exhibiting estrous behavior. Two of these gilts were observed in estrus on the following day, whereas the other gilt remained anestrous for an extended time.
Therefore, electronic animal identification coupled with electronic detection of proceptivity is capable, retrospectively, of identifying the time of estrus in gilts and sows. Further studies will be necessary to evaluate electronic estrus detection for routine use in breeding herds. Greater variability was observed in boar visitation by gilts than by sows, suggesting that electronic estrus detection as described in the present study may be more reliable for sows. Because several of the gilts used in the present experiment were prepubertal, the variability in boar visitation may have been due to waves of recruitment and development of ovarian follicles followed by atresia as gilts neared puberty. However, a large proportion of both gilts and sows showed increased boar visitation 1 to 2 d before exhibiting estrous behavior. This could be an advantage to the swine producer, because females that are in or near estrus could be identified for estrus detection, thus reducing labor and(or j focusing efforts on identifying the onset of estrus in the proestrous and estrous females.
Implications
Results from the present study indicate that use of electronic animal identification for electronic feeding and estrus detection is feasible for pigs housed outside. Electronic technology may be an innovation in estrus detection for handmating or artificial insemination and could significantly affect swine production systems. Electronic detection of proceptivity may have other applications, including selection of replacement gilts based on their age at puberty and detection of pregnancy by monitoring for recycling females. Both electronic feeding and estrus detection may provide management capabilities for swine breeding herds that are not currently available.
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